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CLAIMS 

[Claim(s)] 

[Claim 1]With a near-infrared luminescence fluorescent substance with a perovskite crystal structure which 
consists of a rare earth aluminum oxide, in RAIO^ixCr, however this formula, R contains any of Y, La, or Gd 

they are, and the range of x has a molecular formula in 0.0005<=x<=0.008. 

[Claim 2]ln a manufacturing method of a near-infrared luminescence fluorescent substance, mix a rare earth 
compound, an aluminium compound, and a chromium compound, build a mixture, and said mixture is 
calcinated. It is a manufacturing method which consists of considering it as a rare earth aluminum oxide 
containing chromium, and in RAIO :xCr, however this formula, as for a molecular formula of said rare earth 

aluminum oxide, R contains any of Y, La, or Gd they are, and the range of x is in 0.0005<=x<=0.008. 
[Claim 3]With a cathode-ray tube containing a near-infrared luminescence fluorescent substance which 
consists of a rare earth aluminum oxide with a perovskite crystal structure. In RAIO^ixCr, however this 

formula, R contains any of Y, La, or Gd they are, and the range of x has a molecular formula of said rare 
earth aluminum oxide in 0,0005<=x<=0,008, 

[Claim 4]lt consists of a cathode-ray tube and a liquid crystal light valve containing a hydrogenated- 
amorphous-silicon photo conductor, Said cathode-ray tube contains a near-infrared luminescence 
fluorescent substance with a perovskite structure which consists of a rare earth aluminum oxide, In 
RAIOgixCr, however this formula, R contains any of Y, La, or Gd they are, and the range of x has a 

molecular formula of said rare earth aluminum oxide in 0.0005<=x<=0.008. 
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(57)Abstract: 

PURPOSE: To provide a fluorescent material emitting near infrared rays and having a spectral output 
effectively meeting the response spectrum of a hydrogenated amorphous silicon photoconductor. 
CONSTITUTION: This fluorescent material emitting near infrared rays is composed of a rare earth metal 
aluminum oxide having a perovskite structure and expressed by a molecular formula RAI03:xCr (R is Y, La 
or Gd; 0.0005^x^0.008). 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the rare earth aluminum oxide fluorescent substance of 
chromium activation near-infrared luminescence, and its manufacturing method. Since the above-mentioned 
fluorescent substance emits light, in a cathode-ray tube, the near infrared which suits the response spectrum 
of the hydrogenated-amorphous-silicon photo conductor used for a liquid crystal light valve can be used for 
it. 

[0002] 

[Description of the Prior Art]The fluorescent substance which takes out an electromagnetic wave with a 
wavelength of not less than about 600 nm is already known. The fluorescent substance which shall be about 
600 nm in luminous wavelength did not not much have practical value as compared with the luminescent 
material used for the display of television, a radar, etc., and the photograph luminescent material used as a 
fluorescent substance for lamps. 

[0003]Applying the fluorescent substance light which carries out luminescence with a wavelength of not less 
than about 600 nm to the laser field containing an optical-pumping laser material is indicated to U.S. Pat. 
No. 3,725,81 1 and No. 3,715,683. The fluorescent substance which carries out fluorescence to the 700 to 
800-nm wavelength area indicated to be a near infrared region in this specification came to be used for the 
cathode-ray tube which are some liquid crystal light valves recently. [RD SID(s), such as sterling 
International . symposium Die zeste OBU Technical paper . "amorphous silicon photo conductor, used video 
REITO Liquid crystal light valve . Vol. 1,327 - 329 pages of XX(s) . 1990 R.D. Sterling et al., SIDInternational 
Symposium Digest of Technical Papers, "Video-Rate Liquid Crystal Light Valve Using an Amorphous 
Sillicon Photconductor, "Vol. XXI, and pp. 327-329(1990)] ("Sterling etal.") Reference. 
[0004]lt is light amplifier when a liquid crystal light valve is explained briefly. Light amplifier has attracted 
attention as high-definition television (HDTV) and an object for large-sized projection screens. The liquid 
crystal light valve is provided with what combined the cathode-ray tube, the hydrogenated-amorphous- 
silicon (alpha-Si:H) photo conductor, and the liquid crystal for image addressing systems. A liquid crystal 
light valve can be manufactured by the method indicated by U.S. Pat. No. 4,799,773, No. 4,191,452, No. 
4,019,807, etc. The fluorescent substance used for a cathode-ray tube belongs to the emission spectrum 
which fitted the alpha-Si:H photo conductor optically. The emission spectrum of a fluorescent substance 
depends for the efficiency of the whole device on which suits the response spectrum of an alpha-Si:H photo 
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conductor well greatly. Alpha-Si:H serves as various response spectra according to thickness, other physical 
paranneters, and a chemical parameter. The measured value of the response spectrum of alpha-Si:H which 
sterling (Sterling et al.) etc. used is shown in drawing 1 . It turns out that the fluorescent substance used for a 
cathode-ray tube needs to make an emission spectrum a near infrared region with this measured value. In 
addition to this, character, like stable thermally under that damping time is short and a severe driving 
condition and physically being the thing and mean particle diameter is suitable for high resolution is needed 
for the fluorescent substance used for the cathode-ray tube of a liquid crystal light valve. 
[0005]Chromium using aluminum oxides, such as a ruby, as a parent, and carrying out fluorescence to red 
thru/or a near infrared region is known from before. The rare earth aluminum oxide garnet is known as the 
suitable host crystal to activators for red light, such as samarium, europium, and chromium. Using aluminum 
and a garnet coactivation fluorescent substance for the cathode-ray tube of a liquid crystal light valve is 
indicated in the latest U.S. Pat. No. 5,140,499 and the gazette of No. 5,202,777. 
[0006] 

[Problem(s) to be Solved by the lnvention]Luminescence of the fluorescent substance indicated in these 
gazettes suits the response spectrum of an alpha-Si:H photo conductor quite well as compared with the 
conventional fluorescent substance, and is said to have improved the performance of a liquid crystal light 
valve by using this. However, a fluorescent substance which matches the response spectrum of an alpha- 
Si:H photo conductor still better is desired. 

[0007]The purpose of this invention is to provide the near-infrared luminescence fluorescent substance 
which has spectrum outputs which suit in the response spectrum of a hydrogenated-amorphous-silicon 
photo conductor effectively. The light emission peak of that near infrared region has an advantage of the 
near-infrared luminescence fluorescent substance of this invention in it being mostly in agreement with the 
absorption peak of an alpha-Si:H photo conductor. 

[0008]Another purpose of this invention is to provide a near-infrared luminescence fluorescent substance 
with damping time required in order to use it for the cathode-ray tube of a liquid crystal light valve. 
[0009]Another purpose of this invention is to provide a near-infrared luminescence fluorescent substance 
with mean particle diameter required in order to use it for the cathode-ray tube of a liquid crystal light valve. 
[0010]Purpose of this invention another again is to provide the process of the near-infrared luminescence 
fluorescent substance which can be used for the cathode-ray tube of a liquid crystal light valve. 
[0011] 

[Means for Solving the Problem]The purpose of this invention and an advantage which were mentioned 
above, and the other purpose and an advantage are acquired with a near-infrared luminescence fluorescent 
substance with the roughly following structures. 

[001 2]A rare earth aluminum oxide of a perovskite crystal structure expressed with the following molecular 
formula. 

RAlOg! In xCr, however this formula, R contains any of Y, La, or Gd they are, and the range of x is in 
0.0005<=x<=0.008. 

[0013]Furthermore, in the aforementioned molecular formula, a rare earth aluminum oxide fluorescent 
substance of this invention shall set R to Y, and shall have a light emission peak for the range of X in 723- 
nm748 nm as a range of 0.001 <=x<=0.005. This fluorescent substance can set a value of X to about 0.002 
still more preferably. 
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[0014]A rare earth aluminum oxide fluorescent substance of this luminescence shall set R to La in the 
aforementioned molecular formula, and shall have a light emission peak for the range of x in about 734 nm 
as a range of 0.001 <=x<=0. 005 further again. This fluorescent substance sets the range of x to about 0.002 
still more preferably. 

[001 5]A rare earth aluminum oxide fluorescent substance of this invention shall set R to Gd in the 
aforementioned molecular formula, shall set the range of x to 0.001 <=x<=0. 005, and a light emission peak 
shall be in about 726 nm further again. This fluorescent substance sets a value of x to about 0.003 
preferably. 

[0016]This invention also makes the purpose a process of the above-mentioned near-infrared luminescence 
fluorescent substance. That manufacturing method mixes a compound containing rare earth, a compound 
containing aluminum, and a compound containing chromium with a flux material, uses them as a mixture, 
calcinates this mixture in a suitable temperature and time, and builds a fluorescent substance. In RAIO^ixCr, 

however this formula, as for a molecular formula of the above-mentioned fluorescent substance, R contains 
any of Y, La, or Gd they are, and the range of x is in 0.0005<=x<=0.008. 

[0017]ln this manufacturing method, a fusing agent chosen from a group who comprises a halogenide of an 
alkaline metal, a halogenide of an alkaline earth, and sulfate of an alkaline metal can be added into a raw 
material mixture which mixed a rare earth compound, an aluminium compound, and a chromium compound. 
[0018]This manufacturing method calcinates a raw material mixture from about 1 hour at 1000 to about 1 150 
** in the 1st step for 2 hours, and uses it as an intermediate product, and the number of it is the further 2nd, 
At 1300 to about 1450 **, this can be calcinated from about 1 hour for 3 hours, and can be made into a rare 
earth aluminum oxide fluorescent substance. 

[0019]The aforementioned manufacturing method makes a crystal structure of a rare earth aluminum oxide 
fluorescent substance a perovskite crystal structure further again. 

[0020]lt can choose from a group who consists of yttrium oxide, a lanthanum trioxide, and gadolinium oxide 
as a rare earth oxide of a raw material mixture. 9 hydration aluminium nitrate can be used as an aluminium 
compound of a raw material mixture. 

[0021]An aluminium compound of a raw material mixture should be used as an aluminum oxide, a rare earth 
oxide should be chosen from a group who consists of yttrium oxide, a lanthanum trioxide, and gadolinium 
oxide, and a chromium compound can be used as chrome oxide. It can be made a chromium compound 
with 6 hydration chromium nitrate. 

[0022]ln the aforementioned manufacturing method, a mole ratio of an aluminium compound mixed by raw 
material mixture and a rare earth compound can be made about into 0.9:1.0 to 1.1:1.0 further again. 
[0023]Furthermore, this invention relates to a liquid crystal light valve which serves as a cathode-ray tube 
from a hydrogenated-amorphous-silicon photo conductor. It is related with a liquid crystal light valve 
provided with a near-infrared luminescence fluorescent substance of a rare earth aluminum oxide which has 
a perovskite crystal structure in a cathode-ray tube especially. In RAI02:xCr, however this formula, as for a 

molecular formula of a rare earth aluminum oxide, R contains any of Y, La, or Gd they are, and the range of 
X is in 0.0005<=x<=0.008. In this molecular formula, a ratio of R pair aluminum can be preferably made into 
1:1 **1-mol %. 

[0024]Other purposes and advantages of this invention will become clear further again a rare earth 
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aluminum oxide of cliromium activation near- infra red luminescence written in this specification, and by 

explaining that manufacturing method in full detail below. 

[0025] 

[Function]lf the rare earth aluminum oxide fluorescent substance shown with the following molecular 
formula, especially the fluorescent substance containing the rare earth aluminum oxide of a perovskite 
crystal structure are used for the cathode-ray tube of a liquid crystal light valve, light will be emitted in the 
near infrared which suits a hydrogenated-amorphous-silicon photo conductor optically. 
[0026] RAIO : In xCr, however this formula, R contains any of Y, La, or Gd they are, and the range of x is in 

0.0005<=x<=0.008. 
[0027] 

[Example]The near-infrared luminescence fluorescent substance of this invention is manufactured in 
accordance with the manufacturing method of a chromium activation rare earth aluminum oxide with a 
perovskite crystal structure. Here, rare earth oxides are yttrium oxide, a lanthanum trioxide, and gadolinium 
oxide. The mole ratio of these rare earth oxides and an aluminum oxide is 1:1. Regulation of the mole ratio 
of the rare earth oxide ingredient and aluminum oxide ingredient in the crystal structure of a mixed oxide is 
performed by the usual method by adjusting a starting material to a suitable ratio. 

[0028]The method of calling a single step method and the method of calling two step-by-step procedures are 
one of the methods of manufacturing the fluorescent substance of this invention. In a single step method, an 
aluminum oxide, and yttrium oxide, a lanthanum trioxide or gadolinium oxide is mixed, and the target 
fluorescent substance is once manufactured according to a baking process. A firing condition is good to 
choose out of a known method as conventional technology. 

[0029] Here, two step-by-step procedures are more preferred. In two step-by-step procedures, a rare earth 
oxide, the hydration nitrate of aluminum, and the hydration nitrate of chromium are mixed first. As for the 
mole ratio of an aluminium compound and a rare earth compound, 0.9:1.0 to about 1.1:1.0 are preferred. 
The optimal mole ratio of an aluminium compound and a rare earth compound is about [ less than / **1 mol 
% / of 1.0:1.0 ]. As for the mole ratio of a chromium compound and an aluminium compound, 0.0005:1.0 to 
about 0.008:1.0 are preferred. The optimal mole ratio of a chromium compound and an aluminium 
compound is 0.002:1.0 to about 0.003:1.0. 

[0030]The hydration nitrates of aluminum are 9 hydration aluminium nitrate, and aluminum(N02) 2and9H20. 
As for the hydration nitrate of chromium, it is preferred that they are 6 hydration chromium nitrate, and Cr 
(NOg) gandSH^O. Any ofY^O^ '-^2^3' ^^2^3 ^^^^ sufficient as a rare earth oxide. Such each 

starting material can be supplied as a ready-made article. 

[0031 ]A fusing agent may be mixed with a mixture as assistance for promoting a reaction. Usually as a 
fusing agent, the halogenide of an alkaline metal, the halogenide of an alkaline earth, or sulfate is used. 
Desirable fusing agents are sodium chloride, barium fluoride, and potassium bisulfate. The range of the 
quantity of a suitable fusing agent is about 100 mol % from 5-mol % to an aluminium compound. The 
quantity of the optimal fusing agent is about 10-mol % to an aluminium compound here. As for the purity of a 
starting material, it is desirable that it is not less than 99.99%. 

[0032]This mixture is calcinated from about 1 hour at 1000 to about 1 150 ** for 3 hours, and the rough 
fluorescent substance which is an intermediate product is built with the first step process. These rough 
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fluorescent substances are collected, and in a second stage story process, if it re-calcinates fronn about 1 
hour at 1300 to about 1450 ** for 3 hours, a fluorescent substance available to the cathode-ray tube used 
with a liquid crystal light valve will be obtained. 

[0033]A reaction condition can be suitably changed within the linnits of this invention, and such a fluorescent 
substance can also be nnanufactured. For exannple, a fusing agent, calcination temperature, and firing tinne 
can be changed so that the fluorescent substance nnanufactured nnay have the particle dianneter which the 
target liquid crystal light valve needs. 

[0034]The invention written in this specification depends on having discovered that the rare earth aluminunn 
oxide fluorescent substance of near-infrared lunninescence had the light emission peak which suited the 
response spectrum of the hydrogenated-amorphous-silicon photo conductor (alpha-Si:H). Therefore, 
although the purpose of this invention is a fluorescent substance used for the cathode-ray tube for 
corresponding to the hydrogenated-amorphous-silicon (alpha-Si:H) photo conductor of a liquid crystal light 
valve optically. All the devices that use this fluorescent substance in order to obtain luminescence which 
corresponded to the hydrogenated-amorphous-silicon (alpha-Si:H) photo conductor optically are contained 
in the scope of this invention. Although display devices are those representation, the scope of this invention 
is not restricted to a display. 

[0035]This invention is explained in detail based on the following example. However, the raw material of the 
following example and a process are taken up as an example, and do not limit this invention with such a raw 
material, conditions, a process parameter, etc. 

[0036]With the mixing ratio of the primary example, a raw material is mixed well. 

Y2O322.58 gmAKNOg) 3, 9H p 75.03 gmCr(N03) 3, and 6H 2O 0.18 gmKHSO42.00 gm [0037]At about 

1000 **, this is calcinated in the 1-hour air, and a rough fluorescent substance is obtained. If it re-calcinates 
at about 1450 ** for 1 hour in order to improve the performance of this rough fluorescent substance, a pink 
granular material will be obtained. The molecular formula of this fluorescent substance is YAIO3:0.002Cr. 

The mean particle diameter of this fluorescent substance particle is about Smicro. 
An emission spectrum is as being shown in drawing^^ 

This fluorescent substance has a peak in about 723 nm and about 748 nm, and is effective in the cathode- 
ray tube of a liquid crystal light valve so that drawing 2 may show. The maximum output of an emission 
spectrum converts chromium content [ as opposed to 1 mol for YAIO3 ] into 0.001 to 0.005 mol, i.e., mol % 

to YAIO3, as shown in dravyjn£5^ It turned out that it is obtained when making chromium content into 0.1 to 

0.5-mol %. 

[0038]With the mixing ratio of the secondary example, a raw material is mixed well. 

La20332.58 gmAKNOg) 3, 9H p 75.03 gmCrCNOg) 3, and 6H 2O 0.18 gmKHSO42.00 gm[0039]lf this is 

calcinated by the same method as Example 1, a purple granular material will be obtained. The molecular 
formula of this fluorescent substance particle is expressed as LaAIO3:0.002Cr, and mean particle diameter 

is about 3micro. An emission spectrum is as being shown in d revving 3. This fluorescent substance has a 
peak near 734 nm, and is effective in the cathode-ray tube of a liquid crystal light valve so that dravving 3 
may show. Luminescence Specht's maximum output makes LaAI03 1 mol, and is obtained in the range 

which makes chromium content 0.005 mol from 0.001 mol. 
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[0040]A raw material is well mixed with the mixing ratio of the 3rd example. 

Gd20336.25 gm aluminumCNOg) 3, 9H 75.03 gm Cr{m^) 3, and 6H p 0.27 gm KHSO42.OO gm[0041]lf 

this is calcinated like the case of Example 1, a red granular material will be obtained. This fluorescent 
substance particle is expressed with molecular formula GdAIO3:0.003Cr, and mean particle diameter is 

about 3micro. The emission spectrum of this fluorescent substance is as being shown in drawing 4 . This 
fluorescent substance has a peak near 726 nm, and is effective at the cathode-ray tube of a liquid crystal 
light valve so that drawing^^^ show. The maximum output of an emission spectrum is obtained, when 
GdAlOg shall be 1 mol and it is in the range of 0,001 to 0,005 mol about chromium content, 

[0042]The crystal structure of the rare earth aluminum oxide manufactured according to Example 3 became 
clear from Example 1 by X-ray diffraction. The X-ray diffraction device used here is D500 diffraction device 
of Siemens. This device is CuX line Chu, BU (Kalpha2=1,4505 A) Diffraction line mono- TA, Singh 

SHON counter The Siemens Kristalloflex 805 X-ray generator is provided, 
[0043]When the data about each rare earth aluminum oxide of Example 1 to Example 3 and the already 
known data about the perovskite crystal structure of a rare earth aluminum oxide are made to correspond 
and it compares, it is shown that the crystal of the above-mentioned example is a perovskite type. The X-ray 
diffraction data to a known crystal structure is indicated on the ASTM card index. Table 1 compares the data 
of the X-ray diffraction pattern of ASTM about YAIO with the measured value about the fluorescent 

substance manufactured according to Example 1. Table 1 shows that the value by the experimental data of 
Examples 1, 2, and 3 and the value of ASTM are mostly in agreement. 
[0044] 
[Table 1] 
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[0045]Although the rare earth oxide of Y, La, and Gd may combine in an aluminum oxide and various 
chemically correct mixture ratios, the ratio of a rare earth oxide to an aluminum oxide of the chromium 
activation fluorescent substance of this invention is 1:1. 
It has a perovskite crystal structure. 
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This presentation and structure are liigli-intensity, and they are preferred in order to obtain the light ennission 
peak of long wavelength. Since the response-spectrunn curve of an alpha-Si:H photo conductor is nnatched, 
especially the perovskite crystal structure is suitable. 

[0046]The devices used by this invention in order to measure a lunninescence curve are a quartz fiber light 
pipe and Jobin Yvon 11 -20. A monochronnator and Hannannatu Photonixx R446 With an optical nnagnification 
nnachine It is the color analysis apparatus provided with the 3124 K halogen lannp. Table 2 shows the light 
ennission peak and relative intensity of the three above-nnentioned sorts of fluorescent substances. As 
shown in this table, the fluorescent substance by this invention shows lunninescence remarkable in a near 
infrared region. Since yttrium aluminum garnet Y aluminum was well known as a parent of a 

fluorescent substance, it built fluorescent substance Ygalunninunng0^2-^'" connpared with the fluorescent 

substance by this invention. Although fluorescent substance Ygalunninumg0^2-^'" ^'so ennits light to a near 

infrared region, a light ennission peak's is as short as 707 nnn. 

[0047] 

[Table 2] 
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[0048]Europium and the chromium activation yttrium aluminum garnet (Y2aluminumg0^2-^^' ^0 which have 

a light emission peak in the wavelength of 707 nm, In order to make an alpha-Si:H photo conductor suit 
optically, it is already known that it will be utilizable for the cathode-ray tube of a liquid crystal light valve. 
Refer to U.S. Pat. No. 5,140,499 and No. 5,202,777. 
[0049] 

[Effect of the lnvention]According to the result shown above, it turns out that luminescence of the chromium 
activation rare earth aluminum oxide fluorescent substance with a perovskite crystal structure of near- 
infrared luminescence is more excellent as compared with luminescence of the yttrium aluminum garnet 
which is elegance conventionally. 
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cr>^mmi.zm.m-hmm¥tiK Mb^b^-t b^NVP 
y'co-mxhh wm.'S'.zmm $ n-s j; -3 cc^ -o it <. 

[RD J?:.^'— y V:?^^COS I D >f V ^— hi^ g 

- " ;l, 7 r Xi^ U 3 y**«#:^ffiffl Lfz\L'r:^ 
-VAh iMu'y A Y ^'^)V:f Vol XXl, 3 27 
-329^— 1 990^ R.D. Sterling et aL. 
SID International Symposium Digest of Technical Pa 
pers, "Video-Rate Liquid Crystal Light Valve Usin 
g an Amorphous Si 11 icon Photconductor," Vol. XXI, 
PP. 327-329 ( 1990 ) (" Sterling et al.")] 

[0004] m^B'y^ hJ^)vy^mmzmRth t . -e 
mi^mmmm.(r)^hx'hh. ^'mmmt. ^^^-^^ 

j/ay^vt:' (HDTV) ^. ±mm^:^^')-ymh 
Lxm^^tix^x^-^t. m^B'yA h^^vi^rji;. m^m 

Amitr^lVyr^i^^Jziy {a-Si :H)3t# 

l.mz%^?*.^h'^z%,cr>^mLX\-^h ^ M^B^-f 
714. *lil#l¥IS4 , 799, 773#. Ig4, 19 
1, 4 5 2-^2^V^4, 0 19, 8 0 7-f^tC^SK$ix 

«-S i : H^#mt;3t^WmL7t^X^i7 

to t> COTS).?.. ^m.-^W(mmt. mt^mt:^^^ 

V}Vt^. o;-Si : HJt^m#:'?)JE^X'^^' h;W:t'ix 
fS'n.<m-^^hMZ-k.%<^^h. «-Si :H 

>';?""^ (Sterling et al . ) a-S i : Hc5D 

-?T. wmm^z^m'^ivhmmt. ^x^^^N/t- 
vrs,vy(nmmm\zmM-th'^itmz\t. ^(nmz 
wstitc^ST'fc Sit. ^i^fi**B»p^ast;ja 

[0005] :7nA{i. ;kb--^«ryi^S— '^AS-fb'R!) 

^-^wyM.. :2--nt°'^A. ^'oa^cT) 
#:Sr . J«b1i 7 h ^ Vt^ 7-c?)|;tffifS^(cffiffl-r i i: (CO 

V ^-c . M^cr,^mnpfm 5. 1 4 0 . 499 ^&vm 

5, 202, 7 7 7-^cO^#gtCfB«K§3h,TV^-g>„ 
[0006] 



(3) 

3 

mt>^m^tititmhtix\^i>. a-s 
i ■.H^mmn^com^x^i^hMz^t^izxK'^v^-t 

[0007] Z(7:im^cr,Bmt. **-ft:r^:;u:7r 

v^yytmmm:>fim:^-.^i^ hJUzmm'=)izm-&-th:^-. 
mmm<r>^\^-9-hK «-si ■. ii^mm^<r>\m. 

[0 0 08] i<50%BJt7)^.dtAi:'3^^BS^ii:, WL^H^y-i 

YJ^)vy<r>mmmt,z^m-htimz'}^mt£:m^m^ 

[0009] icrj^Bjtfosijcoae^jfi, m^B^^ 
(o^mm^zmm-thfzmz.iimtj:^miLm^^':>. i£ 

[0010] i<7)%BJ!iO^/cSiJ(7)aW(±. j^B^H^-f b^s- 20 

comm^mm-hzt^zhh. 

[0011] 

[0012] <!K.<ri^^^X'^^ixh . ^n-r^:^-^ vm 

RA 1 03 : xC r 30 
xcoKHti. 0. 0005^x^0. 008 

}>zhh. 

[0013] [z:'fmm^±mr)v s ~^M.mi\Lm 

HSrO. 001^x^0. 0 0 5^0(5111 1 LT. 723 
nm? 4 8 nm(^flitt°-^§r^r-f"§i,«i:-t-Si t*^' 

0. 0 0 2fct--l.ii:*^fT'#i., 

[0 0 14] *^c7)#±^T;l/S-'>i. 40 

mimmitmi . VMcri^^^^za i -^-c r ^ l a 1 1 , 

xtfOtEH^O. OOlSxSO. 0 0 5cO|gHfc LT, 
0. 0 0 2i:-f-^<, 

[0 0 15] ^C:>[z^tz. ^wmm±m7>v^-^j^ 
mimmitmi , mtm'&^^^ziix r ^ g d t l , 

xCOieHSrO. 001^x^0. 005tLT.I^;72 
bnm{zWt^~9<r>hh%iCr)}:.-thZhi}^X'%h. 
i^M3t#:(i:W^t<ttx£7)'(l&*«j0. 0 0 3tt--l.o 50 
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[0016] Kzcr>9tm\±. ±Sd.(7mm^mimm¥(r> 

< i> t -g. , ±1 B®3^<?0^^5(i{i . 
RA 1 O3 : xC r , 

tzfzL. ClCO^tCtJV^TRtiY, La. XtiGdCOMfl 
t^^^^^ xCOSmii. 0. OOOSSxSO. 0 08 

[0017] i««}t*ft(ci5V^T. r;lx;*f U^M^O^^ 

LfzwmL-^mi,zmM-ti. ^ t ti^x-^ ^ . 
[0018] § ^>(;, zcnmmnmii. m..mn,'^m^. 

W. 1 gPI'f 100 O-Ct!)^^ 115 0°CS^T-*tJ 1 ^mt^ 

ih2m^m^Lx^m^miihL. §^>('^2m^-c, 

-IfL^ 13 0 Q'Ct^i^ 14 5 0°CgST\ *^ 1 m^tft^ 

ztt^x-^h, 

[0019] ^i^iztfz. mnicDWkjmt. ^±mr 
[ 0 0 2 0 ] mmm^^(o^±^-imb lx. 

[0 0 2 1 ] JSm^u-^ft^or/i 5ri>>^^L-^ij 

Kh-th:Lk.t)^X-%h. 9x2M\L-^m\>z\i^ bimwm. 
9viJ:.h-thZht^X'^h. 

[0 0 22 ] ^hizt.fz. miicommi'mz^^^x . M 

-^^<7)^:yH:t^ . 0. 9:1. O^^^bl. 1:1. 0^ 

mt-fh:Lt-b^X'%h, 

[0023] § ^(cio^Hjii:, mwmt . **-ftr 
\,zw>i>. mz. ^mm^z^^y^:^^ hm^im.^n 

RA 1 O3 : xC r , 

tzfzL, ^ZCO^lzm-^XmtY ^ La, X{±GdcOMiX 
*>Sr-^<^. xiOlEiati. 0. 0005^x^0. 008 
t,Zhh. Z<r)^^^\,Zi5\-\X . R^A liOjrWiff* L< 
1 : l±l^;P%i;-r-S.-It*iX'SI.<. 
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[0024] ^ ^tciJt, ^(^wMc^mcosmtm!^. 

arr S ^ i: j; -3 -t Bja ^ -5 3 . 
[0 0 2 5] 

[0 0 2 6] RA 1 O3 : xC r 

f)^^^^, xcommit^ 0. 000 5^x^0. oos 

[0 0 2 7] 

[0028] ^<:^f&BHc0^3t#:^Mitt-^:^tC{i, - 
[0029] ^ it-, j; D*?^ Lv>«<±. ^SPtffi-Cfc 

'>A'ft,-^!fi!lt#±a-fl:-^!fSj«^;L'ittt. 0. 9:1. 0 
■h^hl. 1:1. 0SK*^'#^LV^. r;L'S-'>i^-fb^ 

ftt#±»it;^fe(50*5i=S:t;Pj:tii. 1. 0:1. Geo 
±l^;l.'%iilF*]gJKt-$)^„ ^^=!Mt■^mtT!l■^=.^ 
Mt-^^<r>^>vmi. 0. 0005: 1. Oij-'hO. 0 
08: 1. Og«*WiLV^, ^uMt-^^tnV^ — 

Mt^^k(r>m.'m^x'^)vmto . 002:1. o*»^> 4o 

0 . 0 0 3:1. OWSX'hi)., 

[0030] r/i^5-'>.£,co*fn5il§Jg{±, 97i<fn5isa 

r;I^S:::i>t?A, A 1 (NO3 ) 3 ■ 9H20T-ftS. iJ'D 

j^cr>7mi^u\i. b7mmm.9rij>.. cr (no3)3 

O3, La2 03 , Gd2O3i0Vv-f;fi-C'l, J;(,V„ iiTDia 

[00 3 1 ] m^mzM. Km^mmthfz^<n>w^h 
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^:;i^%*^<b 10 0 ^jvxmMcDmmr:^ s . i .1 

aJl&fWiOi^ti, 9 9. 9 9%tJl±T'S)S 
[0032] icoM-^^. 1 0 0 

o'C-ti^t-^ 1 1 5 o°ciis-r-*^ 1 BtraiA^^:. 3t^PBi^i5S;L 

^WMLX. lgIl®PtX@(cfcV^T. 1 3 0 or*>A, 1 
4 5 0"CgJS-C\ *t; 1 B#ra:*^^> 3 B^PalWMJjict-'S i: , ?S 

[ 0 0 3 3 ] ^rtJ. i<7)5&Hjc7)teHP*iIt-i3V^T, KWk 

i> a, i?ijx(s\ mm. mL^mt. mm. 

[0034] :L(mmm\zim.^f\.hwm<i. ^^mm 

:7rXi^U3>'3te^«f*: (a-S i : H) iOJE^X-^^' 

7i<.m^tr=e/vyr:^>-V 3 y ( « - s i : h ) 3^«* 
ThhtK ymitT'tfl-y r^i/ U 3 y ( a - s i : 

H) ^mmzy(^miznmLfz^^n^tzMzz<r) 
[0035] z<^)^mii. <k(^mimnzm-:i^^x¥miz 

[0036] mmm i 

Y2O3 22. 58 gm 

A1(N03)3-9H2 0 75.03 gm 

C r (NO3 )3 • 6H2O 0. 18 gm 

KHSO4 2. 00 gm 

[0037] Ztl^m 1 00 0'CX\ 1 ^m^M'^XM 

Mz. ^14 5 ox:x' 1 b^PbIBMbS^-S t , b"y iS'-feco 

¥mm%^tl^. Zcr)mzfti^c7)'^^^l,t. YA l O3 : 
0. 0 0 2Cr-fi5-g.. ic7)^7eM4^<73¥:%f4g«, 
*^;3ju-C-|bO, ^X^^ hMi. ia2C5^-rjl'9T-^b 
H2>&^^>WSi:atC, i«om3tt*:{i, *fj7 2 3nm 
i:*«j7 4 8nmtCbr-^*i-$)'9, Mh^h7-< 



(5) 



8 6 17 1 



8 



m 5 IZTjk^X 0 l^z^ Y A 1 03 ^ 1 ^MzM^^ 9 
oA-^^^^. 0. 0 0 1:^?^^0. 0 0 5^;P. -r^r-b 

0. X-h^hO. 3^}V%}i^h'm\iZ%^Kh^h 

[0 0 38] mmm2 



La203 3 2. 58 gm 

A 1 (NO3 ) 3 ■ 9H2O 7 5.03 gm 10 

C r (NO3 ) 3 • 6H2O 0.18 gm 

KHSO4 2. 0 0 gm * 

Gd2 03 

A 1 (NO3 ) 3 ■ 9H2O 
C r (NO3 ) 3 ■ 6H2O 

KH SO4 

[004 1] zti^mm\ 1 (^m-^t nm^zm^m-^ 

d A 1 O3 : 0 . 0 0 3 C rX^m^ fl. ^i^^WT'i^m^ 

i03^i^;^hLT. ^nA-^^r^^o. 0 0 1^;^^ 
*^^o. (^Q^^)V(n^mzhhn\iz%^ixh. 
[0 04 2] mmm\t-^mm3{z\^^fzt--yxwM^ 

ii. >--^yxac?)D 5 0 OIIIfJT^ST-$>-&. ^^7)^^ 
{i. CuXJlf-ji.- ( Ka2=1.4505 iW ^ 0 30 

Y AL Oa (CXJSBIUefA^ 



* [0039] ^fvk. mmm\}iwm:-yf&xmm-h 

LaA 1 O3 : 0 . 0 0 2C r h^$fL. ^±^&4^ 

DT*^. la3:^?*A,:b:^?^-I.J:at3. <rc?)m3K#:«i7 3 4 

hz^WZ^t^h. mt:^'<^9 h^^»>^m:^{±. LaA 1 o 
3 5:l^;l^i:LT. ^'nA-^flr^^O. 0 0 1^;^*^^. 

0.00 ^^jvh'thmmx^^^tx.h. 
[0040] mm\\3 



3 6 
7 5 
0 

2 



2 5 
0 3 
2 7 
0 0 



Semens Kri stall of lex 



g m 
g m 
g m 
g m 
805 XI 



[0043] mmn mm\3<7}^^±wcr)v ^ 
=~^j^mY.mzfm-^^-9h. #±^r;p$-^AK 

^uyx^4 hmxh^'it^^^^ti^. st^p^Mn^B^ 
m(^zM^^y^mmf^r'-9ii±. astm^^-f-^^x^/ 
^'xtE^^tLTv^-s. mm. mmmiiz^-^xmrn 

A S TMcOX||[IItf-^\°^ - ycOx - ^ trtm. Lfzi^COX 

^h.mmmi. 2. 3<?Dm®^T^^-^tcj:^fiihAST 

[0 044] 
[«1] 



YA103 




YA103 




ASTM*- 




niiwi 1 <D 




3.7 1 


(3) 


3.7 1 


(3) 


3, 32 


(8) 


3. 32 


(8) 


2,6 6 


(7) 


2.6 8 


(7) 


2-6 2 


(1) 


2.6 1 


(1) 


2.5 9 


(5) 


2.5 9 


(6) 


2,16 


(6) 


2.15 


(5) 


2.12 


(4) 


2.12 


(4) 


1.8 6 


(2) 


1.8 6 


(2) 


0 =^M^^ 


>mm ( 1- 


-8, Sf-® ) 





[0 0 4 5] Y. La. G d «#±®,itM«± . T>\^i ★ AK^M^J^Oit^n : 1 0 , ^n7X:^-< ^S^^fJt 



(6) 
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[0046] zc'mmx\ m^m^mM\j^-t^fc:ib(,zm 

V^!t^^{i. ^Myr-^J-<-^mi^, Jobin Yvon 11-20 
^Ji^'Opi — ^ — ^ Hamamatu Photonixx R446 ^Kfn^ 
Wtt; 3124 K iwiyy'yyy'^mx.fz, fe^^W^fi 



oi2 : cr^-Q<o. ^cnwmiihm.^wtim.L 
fz. ^3e*Y3A 15O12 : cr i,t.tz. T&m9mmz% 

[0047] 
[«2] 



^ 3t * « 




YaAlsOialCr 


YAlOsiCr 


LaAlOs :Cr 


GdAlOa :Cr 








M2 






7 0 7 nm 


7 2 3 nm 
7 4 8 nm 


7 3 4 nm 


7 2 6 nm 


ffi*f3S« (%) 


10 0 


g 8 


2 0 


10 6 



[0 048] iS;^7 0 7 nm(c^3tb°-^^^o. :2_- 
nb-^j^. h yr>J^,7>;l/5-r>^^^-;t- 

^y^ ( Y3AI5O12 : Eu, Cr ) it^miiZa- 

*III^ti^^5, 140, 4 9 9-^hm5, 2 0 2, 7 7 
7-^#HS, 

[0 04 9] 



[HI] ^^-y v^'^co^f:tt^S*$fLTv^^a-s 

i : HcOiE^ X^^ b /Ha 

[02] YA 1 O3 : 0. 0 0 2CrCOWt^'^^ h}V 

m 

[H3] LaA 1 O3 : 0. 0 0 2 C r (D^it:^^^ V 

30 )\^m 

[04] GdA 1 O3 : 0. 0 0 3 C r i7)^3tX^^ b 



(9) 
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[H5] 




